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其次，构造了时序全局 FPCA、组合变量 FPCA、Tucker3FPCA 三种多指标
函数型主成分分析方法，构造了 Tucker3FPCA 参数估计的 Proflie 最小二乘法，




























































    With the development of modern information technology, today people’s ability 
to obtain and store data has been greatly improved. As a result, a large number of 
different forms and types of complex data sets are emerging out of many areas of 
research, such as high-frequency data, missing data, etc., which makes the traditional 
statistical analysis methods have become increasingly incompatible in the analysis of 
such data. However, Functional Data Analysis, which had become a research hotspot 
in recent years, is an effective way to deal with such type of data described as above. 
From the function point of view, an observed sample data is a discrete realization of a 
stochastic process with noise, rather than an observed vector, and this is the essence of 
difference between the Functional Data Analysis and the traditional statistical 
analysis. 
    From a theoretical perspective, Functional Data Analysis consists of two aspects, 
one is Multivariate Statistical Analysis including classic linear regression analysis, 
principal component analysis, canonical correlation analysis, etc, while another 
involves a series of specific functional skills, such as Curve Registration, Differential 
equations and operators, Principal differential analysis, etc. However, currently the 
focus of research both at home and abroad is on the univariate functional data, while 
the research of multivariate functional data is rarely involed.  
    From the application point of view, the present application of Functional Data 
Analysis both at home and abroad mainly gathered in the fields of medicine, 
environmental science, biostatistics, Chemstatistics and so on, while the applied 
research in the fields of economic and financial are rarely refered to. 
Based on the research background described as above, this dissertation try to 
study three kinds of multivariate statistical analysis methods of functional data 
including principal component analysis, clustering analysis and linear regression 
analysis and theirs applications in securities investment analysis.  














from the data structure and its pre-processing, we have systematically proposed the 
statistical description of both univariate and multivariate functional data and theirs 
pre-processing procedure.  
Second, three kinds of multivariate functional principal component analysis 
methods with the name of Time series all-around FPCA, Combined variable FPCA, 
Tucker3 FPCA were presented, and a parameter estimation method by the name of 
Profile OLS was constructed for the Tucker3 FPCA, meanwhile, we gave the concrete 
realized algorithms of the above-mentioned methods within the framework of basis 
functions. With regard to application, the combined variable FPCA was applied to 
portfolio investment research, thus proposed a dynamic portfolio investment strategy 
to diversify systemic risk and non-systemic risk in the securities market. 
Third, a functional type of Mahalanobis distance as well as its calculation 
method was introduced for the univariate functional data, then we extended it and the 
other two distance metric better known as Euclidean distance and correlation 
coefficient to the case of multivariate functional data and examined the distance 
properties of Euclidean distance and Mahalanobis distance. With regard to application, 
by the use of association rules technology in data mining, the functional K means 
clustering was applied to pattern mining of time series of stock index, then combined 
with the idea of Securities investment technical analysis, these results can be used as 
quantitative analysis tools for stock index trend analysis. 
Finally, we first extended the total or annual linear regression model with single 
dependent and independent variable to the cases of multiple and multivariate multiple 
linear regression and discussed the harmful impact on the total linear regression 
model due to multicollinearity, and then extended the multiple linear regression model 
with functional response and multivariate covariates to the case of multivariate 
multiple linear regression and discussed the corresponding functional type of F  test, 
and finally a functional total PLS linear regression model with both single and 
multiple dependent variable was presented. With regard to application, The functional 
total PLS regression model with single dependent variable was applied to the trend 














re-segmentation to transform the whole time series of a stock index into a sets of 
sub-time series, then Predicted the stock index's dynamic process of the coming 
period based on its dynamic process of the past, in other words, Predicted the stock 
index's future trends by the use of its past trends. 
Of course, the multivariate statistical analysis methods are not limited to the 
three methods described in this dissertation, based on the data structure and its 
pre-processing procedure proposed in this dissertation, many other types of methods 
such as canonical correlation analysis, discriminant analysis, correspondence 
analysis...etc can also be constructed for both univariate and multivariate functional 
data. This dissertation hopes to make some contribution to the multivariate statistical 
analysis of functional data and its application. 
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Analysis，以下简称 FDA）的优势得以体现。真正对 FDA 的理论研究始于 1991
年 Ramsay J.O. and Dalzell C.J.[3]发表的文章 Some Tools for Functional Data 



















析（Mltivariate Statistical Analysis of Functional Data，以下简称 MFDA）和一些
特殊的泛函分析，如曲线排列（Curve Registration）、微分方程和算子（Differential 


















（以下简称 FLRA）三种经典的 MFDA 方法拓展至多指标的情形；应用方面，
尝试将 FPCA、FCA、FLRA 应用于证券投资分析的研究，从而进一步拓展 FDA
的应用范畴。 
1.2 国内外相关研究现状 
经过了近 20 年的发展，FDA 的研究无论是在理论或是应用上都取得了长足
的发展，期间主要从两个方面展开研究：（1）扩展多元统计分析方法在函数数据



















据案例分析的专著《Applied functional data analysis:methods and case studies》[5]。
经过不断地改进和补充，2005 年出版了《Functional Data Analysis》第二版[6]。 
    目前，国外关于 FDA 的研究主要集中在以下三个领域： 
    1．函数数据的主成分分析 
主成分分析是发展 FDA 的先驱，Dauxois，Pousse and Romain（1982）[7]年
的文章 Asymptotic theory for the principal analysis of a random vetor function:some 
applications to statistical inference 为主成分分析应用于 FDA 作出了基础性的贡
献，成为了此后许多函数数据分析方法的出发点。Ramsay J.O. and Siverman B.W.
（2005）[6]147~198对 FPCA 的分析步骤及其在基函数下的实现算法作了详尽的介绍，
同时对 2005 年之前关于 FPCA 的主要历史文献作了简要评述，具有很好的参考
价值；Hall P. and Hosseini-Nasab M.（2006）[8]更是从理论和实证模拟两方面全面
考察了 FPCA 的数学性质；Ingrassia and Damiana Costanzo G（2006）[9]则拓展了
FDA 在金融领域的应用研究，他们将 FPCA 应用于股票市场交易数据的描述性
统计分析，并指出可以基于 FPCA 方法构建新的金融指数； Michal 
Benko,Wolfgang Hardle and Alois Kneip（2006）[10]将函数型共同主成分分析
（Common FPCA）应用于金融市场隐含波动率的应用研究。 
    2．函数数据的线性回归分析 
    回归分析是统计学研究中普遍出现的问题，其中研究的最早同时也是最成熟
的又属线性回归分析，自然，对函数数据的回归分析最早的切入点也是线性回归
分析。Ramsay J.O. and Siverman B.W.（2005）[6]217～222指出，可以将传统统计学中
的线性回归模型以三种方式扩展成函数数据的线性回归模型并加以研究：（1）因
变量（或反应变量）为随机函数；（2）自变量（或协变量）为随机函数；（3）上
述两种情况的综合，即因变量和自变量皆为随机函数。Ramsay J.O. and Siverman 
B.W.（2005）[6]217～295在书中总结了上述三种 FLRA 模型的基本形式及其在基函数
下的估计方法，之后的研究都是在其基础上进行扩展，如 Cardot et.al（2007）[11]




















    3.函数数据分类 




Fabrice Rossi and Nathalie Villa(2006)[15]构建了用于函数数据分类的支持向量机；
Cuesta-Albertos and Ricardo Fraiman(2007)[16]提出一个适用于函数数据聚类分析
的 k 均值算法，并将其应用于电力消费的模式识别。 
    与国外相比，国内学术界对 FDA 的研究才刚刚起步，理论上主要以对已有
方法的介绍为主，但应用方面已取得不少的研究成果。目前国内对 FDA 理论和
应用方面的研究可查阅的文献主要有： 




    严明义(2007)[18]将函数数据主成分分析应用于生活质量的动态评价，同时将
函数数据方差分析用于生活质量的差异性分析。 
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